Objectives: The objective of this study was to estimate the prevalence of undiagnosed diabetes mellitus in patients with newly diagnosed frozen shoulder (FS) and study whether diabetes mellitus increases the severity of FS disease.
F rozen shoulder (FS), also known as adhesive capsulitis, is a condition characterized by pain and stiffness. 1 The pathogenesis is primarily idiopathic, but several risk factors for FS have been identified, including age, sex, and some systemic conditions. [2] [3] [4] The most common systemic condition risk factor for FS is diabetes mellitus, and numerous studies of patients with diabetes mellitus have shown that they have an increased risk of FS. 3, [5] [6] [7] Data on the prevalence of diabetes mellitus among patients with FS are sparse. 8 Diabetes mellitus has been increasing steadily worldwide since the 1980s, and this trend is expected to continue. 9, 10 Moreover, studies have shown that a high proportion of patients with diabetes mellitus are undiagnosed. 11 Because diagnosis of diabetes mellitus and glycemic control are important parameters for the health of patients, it has been argued that health professionals who treat and diagnose patients with FS should play a role in identifying patients at risk of having diabetes mellitus. 8, 12 Moreover, patients with diabetes mellitus are generally regarded as being more severely affected by their FS than patients without diabetes mellitus. 13 This statement is generally supported by the fact that diabetes mellitus is a chronic inflammatory condition 14 that may lead to increased shoulder joint synovitis. The statement was not investigated previously, however, and because both diabetes mellitus and FS are associated with age, this assumption may simply be a result of confounding.
The objective of this study was to investigate the proportion of patients with newly diagnosed FS who had undiagnosed diabetes mellitus. A secondary aim was to study whether diabetes mellitus affected the severity of an FS.
Methods
In this case-control study, all newly referred patients who were diagnosed with an FS were consecutively included at Vejle Hospital, Kolding Hospital, and Amager-Hvidovre Hospital between March 26, 2014 and November 25, 2015 . Physicians, physiotherapists, and chiropractors included patients in the study. The following definition of FS was agreed upon before the start of the study (the definition is a modification of the consensus definition proposed by Zuckermann and Rokito 15 :
• History: A slow progression of shoulder pain and stiffness, without any explanation other than FS • Objective: Restricted passive and active movement of the shoulder, especially in external rotation and abduction, and often not pain related
The exclusion criteria were age younger than 25 or older than 75 years; inability to read, speak, and/or understand Danish; non-Danish citizen; mental illness; substance abuse problem; dementia; other shoulder disease in the affected shoulder (eg, glenohumeral osteoarthrosis, avascular necrosis of the humeral head, rotator cuff tear); or bilateral FS, because one of the objectives was to compare the FS with the contralateral shoulder.
Patients who were not already diagnosed as having diabetes mellitus were invited to be tested with the hemoglobin A1c (HbA1c) blood test, which is recommended for diagnosing diabetes mellitus. 16 An HbA1c of 6.5% was used as the cutpoint for diagnosing diabetes mellitus, in accordance with international guidelines. 16 Injection with an adrenocortical hormone within the last 3 months before the test or pregnancy was recorded because this may influence the test results.
To study whether patients with an FS had a higher prevalence of unknown diabetes mellitus than the general population, each patient in the study population were matched with five individuals from the general population on age groups (±5 years) and sex (male/female). Representatives from the general population were available in a research biobank at Vejle Hospital. 17 To study whether diabetes mellitus had an influence on the severity of FS, passive range of motion (ROM) was tested on both the FS and the contralateral shoulder of the patient by the including physician, physiotherapists, or chiropractors. All of the patients were asked to complete the validated Danish version of the Oxford Shoulder Score (OSS), 18 which is a questionnaire containing 12 questions regarding function and pain. Each question has five possible answers (1-5 points). The points are added to form a single total score. The total score ranges from 12 to 60, with 12 representing the best outcome. The minimal clinically important difference is 4.7 points for the pain anchor. 19 Patients were asked about their average and maximum daily pain and their experienced degree of stiffness. Moreover, they were asked about hypercholesterolemia, Dupuytren contracture, level of physically strenuous work, and time absent from work ( Table 1) .
The study was approved by the Danish Data Protection Agency and the Regional Committee on Health Research Ethics. The study was registered at clinicaltrials.org (NCT01978886).
Sample Size
We expected to find that 7.5% of the study population was diagnosed as having diabetes mellitus and 4.5% had an unknown elevated HbA1c, based on prior studies. 20 Expecting that 12% of the study population had diabetes mellitus, our sample size calculation yielded a sample size of 200 patients to show a difference between patients with and without diabetes mellitus, with a power of 0.80 and significance level of 0.05. To allow for dropout we aimed to include 220 patients. Each patient who was tested with the HbA1c blood test was matched on age and sex to an individual from the general population ( Fig.) .
Statistical Analysis
The Fisher exact test was used to test for differences in patients' characteristics between the patients with and without diabetes mellitus. The difference in proportion of unknown diabetes mellitus between patients with FS and the matched group of individuals from the general population was analyzed with the McNemar test. Differences in visual analog scale (VAS) and ROM (except for internal rotation) were tested using the Student t test. The assumption of normality was tested by Q-Q (quantile-quantile) plot. The difference in ROM between the two groups was analyzed both for absolute value (FS exclusively) and relative value (difference in ROM between FS and contralateral shoulder). Difference in the OSS between patients with and without diabetes mellitus was analyzed using linear regression, adjusting for age and sex. The linear regression model was checked by diagnostic plots of residuals, and the assumptions of same and normal distribution were not violated. All of the statistical analyses were performed with STATA 14.0 statistical software (StataCorp, College Station, TX).
Results
A total of 278 patients were diagnosed as having an FS in 1 of the 3 participating hospitals (181 from Vejle Hospital, 26 from Kolding Hospital, and 28 from Amager-Hvidovre Hospital between March 26, 2014 and November 25, 2015) , 235 of whom were included in the study. The remaining 43 patients were excluded as a result of unwillingness to participate (21), were not able to read or understand Danish (3), mental illness (2), age above 75 (1), substance abuse (1), bilateral FS (1) and other (14) .
Of the 235 included patients, 34 (14%) were diagnosed as having diabetes mellitus before examination, 14 (41%) of whom were diagnosed as having type 1 and 20 (59%) as having type 2. Two of the 34 patients had neuropathic disease and another 2 had diabetic eye disease.
Of the remaining 201 patients who were not previously diagnosed as having diabetes mellitus, 122 (61%) agreed to be tested for diabetes mellitus with the HbA1c test. There was no difference between patients who agreed to be tested and patients who declined in terms of body mass index (BMI; CI, confidence interval; DM, diabetes mellitus; OSS, Oxford Shoulder Score; VAS, visual analog scale. P = 0.99), age (P = 0.63), sex (P =0.67), and hypercholesterolemia (P = 0.58), but there was a higher proportion of smokers among patients who declined to be tested (P = 0.03). None of the 122 tested patients had an elevated HbA1c. This was not significantly different from the matched control population from the research biobank (n = 610) (P = 0.25), in which 2.6% had undiagnosed diabetes mellitus. There was no difference in OSS between patients with and without diagnosed diabetes mellitus (P = 0.23), and adjusting for age and sex did not change this (P = 0.22; Table 2 ). The two groups did not differ in terms of average daily VAS (P = 0.46) or maximum daily VAS (P = 0.44), nor did they differ in the degree of self-reported stiffness of their shoulder (P = 0.72; Table 2 ). The absolute ROM was not significantly different between the two groups for all directions (Table 3 ). When the difference between the ROM in the FS and the contralateral side was compared (relative ROM), patients with diabetes mellitus had a smaller difference in external rotation between the two shoulders than did patients without diabetes mellitus (P < 0.01), whereas there was no difference for any of the other directions.
Discussion
This study did not find that undiagnosed diabetes mellitus is common in patients with FS. Moreover, the reduced ROM in patients diagnosed as having diabetes mellitus was not worse than in patients who were not diagnosed as having diabetes mellitus, nor was the patients' perceived severity of the disease worse, as measured by the OSS and VAS for pain.
The low prevalence of undiagnosed diabetes mellitus was unexpected, because previous studies have reported a high prevalence of undiagnosed diabetes mellitus in the population generally 11 and in patients with FS specifically. 7 Not all studies have found a high prevalence of undiagnosed diabetes mellitus, however-Tighe and Oakley found a prevalence of undiagnosed diabetes mellitus of 3.8% only among patients with FS. 21 It is generally perceived that diabetes mellitus is a chronic inflammatory condition.
14 Because diabetes mellitus in the beginning often has no perceptible symptoms, this chronic inflammatory condition can cause glucose-mediated injury that may begin before diabetes mellitus is diagnosed. 22 It has been suggested that FS be a red flag for an undiagnosed diabetes mellitus 8, 12 because the glucose-mediated injury could result in FS before the diabetes mellitus is identified. Our results do not support this assumption. On the contrary, we conclude that the period from the development of diabetes mellitus to the debut of FS is of such a length that most patients have been diagnosed as having diabetes mellitus before they develop FS. This, of course, depends on the ability of a physician to detect diabetes mellitus but correlates well with Huang et al, who showed that patients with newly diagnosed diabetes mellitus have an increased risk of developing FS in the years following the diabetes mellitus diagnosis. 6 In a meta-analysis by Zreik et al, the prevalence of diagnosed diabetes mellitus was estimated to be approximately 30%, 8 which is somewhat higher than the prevalence found in our study. The prevalence of diabetes depends greatly on age, body mass index (BMI), and sex, which makes comparison of studies that do not report these variables difficult. The prevalence of 14% of diagnosed diabetes mellitus found in the present study together with the previously reported high prevalence is important for healthcare workers, because, for example, intraarticular corticosteroid injections, which are a common treatment for FS, can have serious adverse effects on blood glucose regulation. Diabetes mellitus patients with FS have a higher prevalence of hypercholesterolemia (P <0.001), which also is a known risk factor for FS. 23 This is in concordance with our finding that patients with diagnosed diabetes mellitus have a higher prevalence of contralateral shoulder disease (P= 0.02) and a higher prevalence of Dupuytren contracture of the hand (P= 0.02), suggesting that FS in patients with diabetes mellitus is more a result of an internal chronic inflammatory condition than is FS in patients without diabetes mellitus. Diabetes mellitus does not seem to affect the severity of FS because absolute ROM, daily pain VAS, and OSS did not differ between the two groups. The difference in the relative external rotation ROM between patients with and without diabetes mellitus can be explained by the higher degree of contralateral diseases in patients with diabetes mellitus. Patients with diabetes mellitus also had a worse absolute external rotation ROM for the nonaffected shoulder (P < 0.01).
To our knowledge, no previous study has examined the influence of diabetes mellitus on the severity of FS disease, and contrary to general beliefs, we did not find that patients diagnosed as having diabetes mellitus were more severely affected than patients not diagnosed as having diabetes mellitus. Whether diabetes mellitus has an impact on the prognosis and course of FS remain unsolved and further studies are needed.
We evaluated the different available shoulder scoring systems before the study to find the best possible score, because no specific scores exist for FS in Danish. The OSS and VAS were chosen because both have been validated in Danish and appeared to most accurately reflect patients' self-perceived severity of FS. Both VAS and OSS have been used in studies of FS, but the OSS was originally designed as an outcome measure in randomized controlled trials evaluating shoulder surgery. 24 The OSS has been used in nonsurgery studies of FS, 25 but its use has not yet been validated specifically for nonsurgery studies, and using the score outside its original intended field may have some disadvantages. 26 Diabetes mellitus comprises a group of heterogeneous disorders, 27 and the impact of the different types of diabetes mellitus may have a different effect on FS. We cannot exclude the possibility that, for example, type 1 diabetes mellitus has a different and stronger impact on the ROM of an FS, but our data are not large enough to study this.
The lack of a clear definition of and international consensus on the diagnosis of FS also is a limitation. 15 This also has probably influenced our results because there was a skewed distribution in the proportion of included patients from the three centers that participated. We believe, however, that this reflects the heterogeneity in the clinical world. A second limitation is that 39% of the patients who were not previously diagnosed as having diabetes mellitus did not agree to be tested with the HbA1c blood test, which means that only 122 of the 201 patients were tested. Our study is therefore underpowered, according to sample size calculation, which yielded 200. Because we did not identify any patients with unknown diabetes mellitus among patients with FS, we still believe that the prevalence is low, however. In addition, the high number of patients who were unwilling to be tested with the HbA1c blood sample may have caused some selection bias because some patients with a high risk of having diabetes mellitus may be unwilling to be tested because of a fear of being diagnosed as having diabetes mellitus. We, however, found no difference among age, sex, hypercholesterolemia, and BMI among patients who agreed to be tested and patients who did not agree.
Conclusions
We did find a low prevalence of undiagnosed diabetes mellitus in patients with FS because none of the tested patients who were not previously diagnosed as having diabetes mellitus had an elevated HbA1c. We therefore cannot support the argument presented in other studies that screening for diabetes mellitus should be considered in patients presenting with FS. 8, 12 Patients diagnosed as having diabetes mellitus in general have a higher BMI, an elevated hypercholesterolemia, an increased risk of contralateral shoulder disease, and Dupuytren contracture of the hand. This correlates well with the hypothesis that FS in patients with diabetes mellitus is a result of a chronic inflammatory condition. Furthermore, our study has shown that diabetes mellitus does not seem to affect the ROM or the perceived severity of the affected FS.
